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D scription 

This invention relates to an improvennent In a process for multi-step gas-phase polymerization of 
olefins, in which olefins are polymerized in the gaseous phase In at least two independent gas-phase 
5 polymerization zones advantageously both In regard to operation and apparatus while feeding a 
catalyst-containing polymer formed in a first polymerization zone to a second polymerization zone. In 
particular^ it relates to an improved multi-step gas-phase polymerization process which is suitable for 
easily adjusting the molecular weight distribution and/or chemical composition distribution of the final 
olefin polymer composition to desired values by producing olefin polymers having different molecular 
ro weights and/or chemical compositions In two gas-phase polymerization zones. 

In the present application, the term "polymerization" denotes not only homopolymerization but 
also co-polymerization, and the term "polymer" denotes not only a homopolymer but also a copolymer. 

Improvements of transition metal catalyst components for olefin polymerization have made It 
possible to produce olefin polymers in an amount of at least 5000 g per mllllmole of transition metal.. 
75 and at the present level of technology, the operation of removing catalyst after polymerization can be 
omitted. When such a highly active catalyst is used, a gaseous-phase process for polymerizing olefins is 
attracting attention because the operation after polymerization is simplest 

Olefin polymers are molded Into articles by various methods, and the molded articles are used In 
many fields. It is important therefore to provide olefin polymers having various desired molecular 
20 weight distributions and/or chemical composition distributions depending upon the method of molding 
and the Intended use of the molded article. The molecular weight distribution, etc. can be adjusted by 
varying the type, composition and amount of the polymerization catalyst or the polymerization 
conditions. In a process In which polymerization is carried out only in one polymerization zone, there Is 
a limit in an area in which the molecular weight distribution, etc. can be adjusted. In order to eliminate 
25 such a limitation, there is known a process which comprises polymerizing olefins in the gaseous phase 
in the presence of a catalyst composed of a transition metal component and an organometallic 
compound of a metal of Groups I to III of the periodic table in the first gas-phase polymerization zone 
and a second gas-phase polymerization zone, which are provided independently from each other, while 
feeding a catalyst-containing polymer formed in the first zone to the second zone, wherein polymers 
30 having different molecular weights are formed in the Individual zones so as to adjust the molecular 
weight distribution, etc. of the resulting polymer composition (Japanese l-aid-Open Patent Publication 
No. 145589/1976 corresponding to U.S. Patent 4,048,412). 

In actual practice, however, such a multi-step gas-phase polymerization method suffers from a 
trouble which makes It difficult to adjust the molecular weight distribution and/or chemical composi- 
3S tlon distribution of the resulting olefin polymer composition to the desired values. For example, to 
obtain the desired molecular weight it Is usual to perform the polymerization In the presence of a mole- 
cular weight controlling agent such as hydrogen gas introduced Into the polymerization zone. It has 
been found however that when the multi-step gas-phase polymerization process is cam'ed out while 
adjusting the molecular weight by such a molecular weight controlling agent It gives rise to a new 
40 technical problem to be solved which does not exist In solution polymerization or suspension 
polymerization. 

For example, a polymerization process comprising forming a polymer of a relatively low mole- 
cular weight In a first zone and a polymer of a relatively high molecular weight in a second zone, which 
is industrially advantageous In operating the individual steps at nearly the same polymerization 

45 pressure and obtaining olefin polymers having different molecular weights in the Individual steps, 
suffers from troubles associated with the operation and apparatus of gaseous-phase polymerization. 

One of such troubles is as follows: The polymer-containing product flow from the first polymeriza- 
tion zone In which a polymer having a relatively low molecular weight is produced contains hydrogen in 
an amount considerably larger than that of hydrogen required as a molecular weight controlling agent 

so in the second gas-phase polymerization In which a polymer of a relatively high molecular weight is to 
be produced. Accordingly, when the polymer-containing produqt.flow from the first polymerization zone 
is directly fed to the second polymerization zone so as to produce a polymer of a higher molecular 
weight therein. It Is necessary to reduce the ratio of hydrogen to olefin, and accordingly, it is necessary 
to supply additionally an exceedingly large amount of olefin to the second polymerization zone. Conse- 

ss quentiy, it is necessary to increase the scale of the second gas-phase polymerization zone to the one 
which is disadvantageous to operation and apparatus, or the polymerization pressure of the second 
gas-phase polymerization zone must be made considerably higher than that in the first polymerization 
zone. This increases the cost and is disadvantageous to operation and apparatus. Particularly, In the 
latter case, it is technically difficult to feed the catalyst-containing product flow formed in the first zone 

60 to the second zone maintained at a higher pressure. 

Th present invent rs made extensive investigations in order to achieve an improvement in a 
multi-step gas-phase polymerization process, which gives a solution t the aforesaid technical 
problems and permits advantageous performance of multi-step gas-phase polymerization of olefins 
both In operation and apparatus over conventional gas-phase polymerization processes. 

55 These investigations have led to the discovery that the aforesaid technical problems can be solved 
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and a further improved process for multi-step gas-phase polymerlzati n of olefins can be P^^^led by 0) 
orovfdi^g a suspension zone for forming a suspension of the catalyst-oontaWng p lym r in an eaaly 
hydrocarbon medium which is liquid under the conditions of feeding the aforesaid polymer In a 
f wSr^rfeeding the catalyst-colTtaWng polymer fomied In ttie first zone to *e second gas- 
phle^^merization zone, and (ii) feeding the afbresald suspension of the polymer .n*e l.qu.d hydre^ 
Mrtj^n Sum formed in the suspension zone to the second gas-phase po ymerfaation zone. It has 
Il2 ble^ foX *at by operating as mentioned above, the solid-gas composition d'^charged from ^e 
£ Ss-phase polymerization z«^e can be changed to the desired composif on by a fla!-"^"'^^"*^^ 
ti^ treatment In the suspension zone. For example, a gaseous portion containmg a large amount of 
hKen^n be easily separated from a solid portion containing the polymer. The separated gaseous 
Dha^ can be advantageously recycled directly to the first gas-phase polymerization zone. Further- 
moT SncB the seoarated polymer phase can be fed to the second gas-phase polymerization zone 
S !^"ntains a reTid^*^^^^^^^ and is suspended In an easilY volatile hydro^^^^^^^^ 

Symer of a higher molecular weight can be produced in the second gas-phase Po'V'iertzafton zone 
Sby an eas? operation In an advantageous apparatus without tiie need to Increase the scale of the 
sS polymerization zone excessively. Moreover, tiie heat of polymerization can be advantageously 
removed by the vaporization of the easily volatile hydrocarbon. 

tt has fUrtiier been found tiiat even when the polymerization pressure of the «»~nd gas-phase 
polymerization zone is made higher tiian that of the first gas-phase Po'ym%^'^*'°"!f"«' *I 
flow can be easily fed from the first zone to the second zone by using a feed pump, etc. since the 
TOK^mTfiow discharged from the first zone is supplied to the second zone after it is suspended in a 
Sd lasiry-vd^le hydrocart,on. Thus, tiie polymerization pressures in tiie first and second zones can 
iS coSd°Sendentiy. Hence, no trouble occurs In making the melt index (M.U of tiie olefin 
p^lSier produced in the fir^ zone higher tiian tiie olefin polymer produced in second zo^^^ 
tine Mrital oressure of H, in tiie first zone higher tfian tiiat in tiie second zone), and no difficulty arises in 
JnLffthe m^t index of the olefin polymer produced in tiie first zone lower than that of the po yrner 
pSedinThe second zone (makinVthe partial pressure of H, Inthe first zone lower than that in the 
sS zone) Consequentiy, the operation of tiie gas-phase multi-step pcrtyrnerization o«^olefi.« and 
?hrpropeitles of the resulting olefin polymer can be controlled within the desired ranges, and process 
so of this invention Is free from the various restrictions of tiie pnor art processes. 

It is an object of this invention tiierefore to provide a markedly improved P~f«ss for.sas-pliase 
multi-step polymerization of olefins which can overcome the venous disadvantages in the pnor art gas- 

•''''X"S?3Kht?S;e"c^ aSTdVantages of the invention will become apparent from tiie 

3S ^^^'^-^^^^^^^^^^"^^^ i„^entidn, Ihere Is proVlded, in a process for polymerizing olefins In-tiie gaseous 
phase In a first gas-phase polymerization zone and a second gas-phase polymenzation zone, which are 
provWedTndSerolentiy from each ottier. in tiie presence of a catalyst imposed of a transition met^^ 
SSoomuon6X«. and an organometallic compound of a metal of Groups I to III of the periodic table 

4o Se WillgXcataiyst-conTa^^ polymerfbrmed in tiie first zone to tiie second zone; the Improve- 

a^silienslon zone for fbmilng a suspension of , tiie polymer from the first zone in an easily- 
volatile hydrocarbon medium which is liquid under tiie conditions of feeding the polymer is provided in 
a feed passage for feeding tfie polymer from tiie first zone to tiie second zone, and 
46 (11) the lispension of tiie polymer In said liquid medium fbmied In tiie suspension zone Is fed to 

' ^Se'^to say. in tiie practice of tiie process of tills Invention an optional step of Po"yn?erizing 
an olefin may be performed before tiie gas-phase polymerization in the first zorie and/or after the gas- 
Sas^ polymerization in tiie second zone. If desired, tiie aforesaid suspension zone may also be 

'^'^^^"^^^''^mttJXiS^^^ be convenientiy utilized in tiie polymerization of olefins using a 
transition metal catalyst, partlculariy a catalyst composed of a highly active transition metal component 
a^dlLn SrSmetalllc Compound of a metal of Groups 1 to 111 of tiie periodic table. Preferably, the 
SJcKS^ttriklwSn is applied to tiie polymerization of olefins using a highly active catalystcapable 

ss K^uSng It toast 5.000 g. preferably at least 8,000 g, of olefin polymer per mill mole of transition 
metal under tiie polymerization conditions in tiie first step gas-phase polymenzation zone. 

The transition metal component used as a catalyst component in tiie process of tiiis invention is a 
compound of a transition metal such as titanium, vanadium, chromium and zirconium which may be 
liquidor solid under conditions of use. This component needs not to be a single compound but may be 

so supported on. or mixed with, anotiier compound, or a complex with another compound. Suitable is a 
highly active transition metal component capables of producing at least 5.000 g preferably at leasrt 
8 000 g, of an olefin polymer per millimol of transition metal. A typical example is a highly active 
titanium catalyst component activated with-a magnesium compound. „ „.„„„«^„„ titnnium 
V Preferred ar highly active transition metal catalyst components consisting essentially of titanium. 

65 magnesium and halogen. An example is a solid titanium catalyst component consisting of titanium. 
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magnesium and halogen as essential ingredi nts and containing amorphous magn sium halide and 
having a specific surface area of preferably at least 40 mVg, especially preferably from 80 mVg to 
800 mVg- Such components may contain an electron donor such as an organic acid ester, a silicic acid 
ester, an acid hallde, an acid anhydride, a ketone, an acid amide, a tertiary amine, an inorganic acid 

5 ester, a phosphoric ester, a phosphorous ester of an ether. Advantageously, such components contain 
0,5 to 15% by weight, preferably 1 to 8% by weight, of titanium, and have a titanium/magnesium 
atomic ratio of from 1/2 to 1/100, especially from 1/3 to 1/50, a halogen/titanium atomic ratio of from 
4 to 100, preferably from 6 to from 80, and an electron donor/titanium mole ratio of from 0 to 10, 
preferably from 0 to 6. A number of such catalyst components have been suggested and widely known. 

to The organometallic compound, the other component constituting tfie catalyst, is an organo- 

metallic compound containing a metal of Groups I to 111 of the periodic table bonded to a carbon, for 
example organic alkali metal compounds, organic alkaline earth metal compounds, and organo- 
aluminum compounds. Specific examples include alky I lithiums, aryisodiums, alkylmagnesiums, aryi- 
magnesiums, alkylmagnesium halides, arylmagnesium halides, alkylmagnesium hydrides, trialkyl- 

IS aluminums, dialkylaluminum monohaiides, alkylalumtnum sesquihalides, alkylaluminum dihalides. 
alkylaluminum hydrides, alkylaluminum alkoxides, alkylllthium aluminums, and mixtures thereof. 

In addition to the above two catalyst components, there may also be used an electron donor 
component such as an organic acid ester, a silicic acid ester, a carboxyiic acid halide, a carboxylic acid 
amide, a tertiary amine, an acid anhydride, an ether, a ketone, an aldehyde or a halogenated hydro- 

2a carbon in order to adjust the stereoregularity, molecular weight, molecular weight distribution, etc. of 
the polymer. The electron donor catalyst component may be used after forming a complex compound 
(or an adduct) with the organometallic compound, or with another compound, for example a Lewis acid 
such as aluminum trihalides. 

The process of this invention is applicable to the polymerization of polymerizable olefins having 2 

25 to 12 carbon atoms. Specific examples include ethylene, propylene, 1-butene, 1-pentene. 1-hexene, 1- 
octene, 1-decene, 4-methyl-1 -pentene, 3-methyl-1-pentene, styrene, butadiene, isoprene, 1,4-hexa- 
diene, dicyclopentadiene, and 5-ethylidene-2-norbomene. One or more of these monomers may be 
chosen and homopolymerized or copolymerized in the gaseous phase. 

In performing the process of this invention, it is not necessary to produce a polymer of the same 

30 composition in the first and second zones. The process of the invention Is preferably applied to the 
homopolymerization of ethylene or propylene, copolymerization of ethylene and another olefin, and 
copolymerization of propylene and another olefin. In an especially preferred embodiment, the process of 
the invention is applied to the homopolymerization or copolymerization of ethylene in which the adjust- 
ment of molecular weight distribution Is desired. The process is especially preferred when the multi- 

36 step gaseous-phase polymerization is carried out in the presence of hydrogen in the first and second 
polymerization zones, and the mole ratio of hydrogen to olefin In the second zone is made lower than 
that In the first zone. 

Gaseous-phase polymerization in each of the polymerization zones may be carried out using a 
fiuidized bed reactor, a stirred bed reactor, a stirred fluidized bed reactor, a tubular reactor, eta The 

40 reaction temperature In each of the polymerization zone is below the melting point of the olefin 
polymer, preferably at least 10°C lower than the melting point, and from room temperature to ISO^'C, 
preferably from 40 to 1 10*C. The polymerization pressure is, for example, from atmospheric pressure 
to 1 5 Mpa gauge (0 to 1 50 Kg/cmVg), preferably from 0.2 to 7 Mpa gauge (2 to 70 Kg/cmVg). The 
polymerization may be cam'ed out in the presence of a molecular weight controllings agent such as 

45 hydrogen. Hydrogen can be used, for example, in an amount of not more than about 20 moles per mole 
of the olefin. The reaction temperature and pressure may be different for the two polymerization zones. 
When the reaction pressure In the second polymerization zone is lower than that in the first zone, it is 
advantageous for feeding the polymer. But no special difficulty arises even when the pressure in the 
second zone Is higher than that in the first zone. 

so In the process of this invention, the amount of the catalyst is preferably such that per liter of the 

volume of a polymerization fluidized bed of each gas-phase polymerization zone, the transition metal 
compound used in an amount of 0.0005 to 1 millimotes, especially 0.001 to 0.5 millimoles, calculated 
as transition metal atom and the organometallic compound is used in an atomic ratio of the metal of 
the organometallic compound to the transition metal of from about 1 to 2,000, preferably from 1 to 

55 500. The electron donor component is preferably used in an amount of 0 to 1 mole, particularly O to 
0.5 mole, per rnole of the organometallic compound. 

"Rie olefin polymer discharged from the first gas-phase polymerization zone contains gaseouis 
components. It is contacted In a suspending zone with an easily-volatile hydrocarbon which is liquid 
under the transporting conditions, thereby separating gas from liquid. Preferably, the easily-volatile 

60 hydrocarbon is a hydrocarbon which can be neariy completely gasified in the second gas-phase poly- 
merization zone and is non-polymerizable. Suitable volatil hydrocarbons are saturated hydr carb ns 
having 3 t 5 carbon atoms, such as propane* n-butan , isobutan , n-pentan and isop ntan . If 
desired, the olefin used for polymerization in the second gas-phase p lym rization zone may b utilized 
as the easily-volatile hydrocarbon, and in this case, a liquid form of the olefin, or a liquid mixture of it 

65 with the aforesaid saturated hydrocarbon may be used. 



4 



to 



O 040 992 

The amount of the asilyvolatile hydrocafb n may b such that the polymer can be fransp^^^^^ 
as a s umr Too large an amount of the volatile hydrocaibon is not d slrable For exampl . the sultaWe 
amouSthe liquPd easily-volatile hydrocarbon Is such that per liter of the liquid "s.ly-volat,le l^yd^ 
carbon the polymer is used in an amount of 10 to 1000 g. particularly 50 to 600 g. The catalyst- 
coSrriiig pSrer discharged from the first gae^jhase polymerization zone t09«*%„^'* saff 
components may be conta«ed with the liquid easily-volatile hydrocarbon in ^suspending zone m *e 
form of. for example, a vessel. The contacting temperature Is. fbr example, 0 to "^outl 00 C. and *e 
nressure Is for example, from atmospheric pressure to 5 mPa gauge (50 kg/cmg»). The contact fime 
(the t^me wh^ch ela^^^^ the resuhing suspension is fed into the second sas^hase polymerizabon 
zone) is for example. 10 seconds to 5 hours. The gaseous portion of thej^ttl^ret-containing polymer 
flow fi^om thrfiiTt zon^ which was not dissolved by the liquid easily-volatile hydrocarbon by the above 
co^tart may be recycled to the first gas^,hase polymerization zone after, for example, its pressure has 
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T?.e polymer suspended in the easily volatiie hydrocarbon then fed nto s««'"^f^f 
polymerization zone where the easily^Iatlle hydrocarbon is gasified. If desired, a P/^ oj. °* 
tiie^sily-volatile hydnjcarbon is preliminary gasified by flashing etc. before the 
the second gas-phaL polymerization zone. A fresh supply of olefin hydrogen, etc. may a^f «d to the 
second ga^hase polymerization zone so as to provide tiie desired gas composition. The F«lymer 
disSiarfl^^m the second gas-phase polymerization zone Is subjected to soHd-gas separation by 
Sa^ ^Ta c?ctone. eta?and dried'^to fbrSTa final product. Or it may be pelletized by an extmder eta 
^us wcording to this Invention, a polymer composition having a d^ired molecular vveight d s- 
tribution and/or a deiired chemical composition distribution can be obtained continuously by the indus- 
triaHv advantageous gas-phase polymerfeation technique. The present invention can also provide an 
I^oLmI aoMrat^^^ polymerization of olefins, characterized in ttiat a suspend- 

Z^nt^r^^^s^ndSgre pSiy^^^^ product in a liquid easily-volatile hydrocarton is provided m 
a pISage for feeding the polymerization product flow from a first gas-phase polymerization zone to a 

'^'^^'^o:!^gt:^mp^enSSar^i^.e Examples illustrate ti,e present Invemion in more detail. 

Examples 1 to 4 and Comparative Examples 1 and 2 
Rgure 1 of the accompanying drawing is a schematic flow diagram of a gas-phase two-step 
polymerization apparatus used In the practice of the process of this invention. In Figure 1 , A represe^^ 
a f^^-step gas-phase polymerization vessel; B, a second-step gas-phase P<^«Yr"^^^J»/' Vr^f^^^ 
a drum con^ltuting a suspending zone for suspending polyethylene discharged from the first-step poly- 
35 merization vessel A In an easily-volatile hydrocarbon. 

D and I represent heat-exchangers for removing the heat of polymenzation reaction, which are 
used for cooling gases circulated from the polymerization system. F and G represent ^lowers used for 
circulating reartant gases. E and J represent drums for receiving a condensed «'^"»djhquid hydro^ 
caXn) which is fomied by the cooling of the circulating gas. H represents a pump for feeding the 
40 suspension of polyethylene (PE) to the second-step gas-phase polymenzation vessel B. 

Using the above apparatus, polyethylene having a very broad '^o'ep^^^^.^eight dismbu^^^^ 
produced in the following manner by forming polyethylene having a high ^1 jn the firet-ste^ 
merization vessel, and polyethylene having a low Ml In the second-step polymerization vessel. . 

45 (Preparation of a catalyst) j,-^.. 

Ten moles of anhydrous magnesium chloride was suspended in 50 liters of dehydrated and 
purified hexane in a stream of nitrogen, and wHh stirring. 60 moles of ethanol was added dropwise oyer- 
1 hour. They were reacted at 75°C for 1 hour. Then. 27 moles of diethyl aluminum chloride was added 
dropwise to the reaction mixture' at room temperature, and the mixture was stin^d for 1 hour. Sub- 

50 sequently, 100 moles of titanium tetrachloride was added, and the mixture was heated to 70*»C and 
reacted at this temperature for 3 hours with stirring. The resulting solid was repeatedly washed with 
hexane, and then suspended In butane. The resultant catalyst had an average particle diameter of 19 
microns with a very narrow particle size distribution. 

55 (Gas-phase Polymerization) ^ ^ ^ . „ - . 

The catalyst suspended in butane and triethyl aluminum were continuously fed through line 1 into 
the first-step gas-phase polymerization vessel A having a diameter of 40 cm and a volume of 400 liters 
as shown in Figure 1 at a rate of 1 mmoles/hr as Ti atom and 40 mmoles/hr, respectively. Simul- 
taneously, ethylene was fed at a rate of 8 kg^r through line 2. and hydrogen, through line 3 so that the 

6o H^/ethylene mole ratio In the reactor was maintained at 5. 

In the first-step polymerization vessel, the polymerization pressure was 1.8 MPa gauge 
(18 kg/cm^.G), the polymerization temperature was 85°C, the residence time was 2 hours, and the 
linear velocity of the circulating gas within the gas-phase polymerization vessel was maintained at 
20 cm/sec The circulating gas from line 4 passed through condenser D to condense butane. The gas 

65 was recycled to the polymerization vessel A through blower F. Polyethylene form d continuously under 
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the above conditions had an Ml of 440 and a density of 0.973 g/cm\ The resulting polyethylene was 
continuously passed through line 6 and discharged fnto liquid butane in the drum C kept at a tem- 
perature of 30°C and a pressure of 0.4 MPa gauge (4 kg/cm^-G). In the meantime, liquid butane was 
fed into the drum C from line 1 0 so that the amount concentration of the polyethylene powder in the 

5 butane was 300 g/liter of butane. Hydrogen was discharged out of the system from line 8 by utilizing 
the gas-liquid equilibrium within the drum C. The polyethylene suspended in liquid butane in the drum 
C was fed continuously In the suspended state through line 9 to the second-step gas-phase poly- 
merization vessel B by means of pump H. In the second-step polymerization vessel, the polymedzation 
pressure was MPa gauge (1 0 kg/cm^*G), the polymerization temperature was SO^O, the residence time 

to was 1 hour, and the linear velocity of the circulating gas in the gas-phase polymerization vessel was 
maintained at 20 cm/sec. To the second-step polymerization vessel, ethylene was fed at a rate of 
8 kg/hr from line 1 4, and hydrogen, from line 1 5 so that the H/ethylene mole ratio In the poly- 
merization system was maintained at 0.2. Butane transferred from the drum C to the second-step gas- 
phase polymerization vessel was wholly gasified and used for removing part of the heat of poly- 

is merization. Butane discharged from the polymerization vessel together with the circulating gas from 
line 1 1 was cooled at the heat exchanger I, recovered as liquid butane at the drum J, and discharged 
through line 1 6. A part of the recovered liquid butane was fed to the drum C. The gas was recycled to 
the polymerization vessel B through line 1 2 by blower G. 

From the second-step gas-phase polymerization vessel B, polyethylene was discharged out of the 

20 system continuously at a rate of 1 5.2 kg/hr through line 1 3. 

The above procedure was repeated except that the gas-phase polymerization conditions were 
varied. For comparison, the gas-phase polymerization was continuously carried out In a single step 
using the catalyst used in Example 1. The results are shown In Table 1. 
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Example 5 

By using the two-step gas-phase polymerization process shown In ExampI 1, low-density 
polyethylene having a very broad molecular weight distribution was produced by forming PO«Yethylene 
having a low Ml in a first-step gas-phase polymerization vessel, and polyethylene havmg a high Ml In a 
5 second-Step gas-phase polymerization vessel, as shown below. 

^^""'Sd^Su' ^^^^ chloride (476 g), 1.5 liters of decane, 1.81 liters of 2^^lUe^^^^^^ 

and 84m^of ethyl benzoate were charged Into a catalyst synthesizing devi^, and ^act«d at 1 3^^ C for 
10 ^ hnu« The reaction mixture was cooled at room temperature. The resulting solution was put in 20 
L.^ ^ maniLr^l^^cS^^ maintained at -15«a maintain^ at this ^en^erature for 30 n^^^^^ 
hea^J^tTIo "c ^^^^ 2 hours, and reacted at this temperature for 2 hours. The resulting solid portion 
wasSp^rS^ a^^^^ in 10 liters of titanium tetrachloride Ethyl beiuoate l^^^^^^ 

Tdded and re^^^^ at 90-0 for 2 hours. The resulting solid was separated by A^tration and r^^^^ 
washed^^l^^^^^ and suspended in butane. The catalyst had an average particle diameter of 22 
microns, and a very nanx^w particle size distribution. 

(Gas-phase Polymerization) . x ^ . ^ x: \ * 

The catalyst suspended in butane and triethyi aluminum were continuously fed into the first-step 
polymerization vessel at a rate of 1 mmole/hr calculated as Tl atom, and 40 mmole^^ respectively, and 
simultaneously, 9 kg/hr of ethylene and 4-methYl-1 -pentene were fed so that the 4-methyl-1- 
pentene/ethylene mole ratio In the polymerization vessel was maintained at 0.06. The amount of fed 
was small so that the Ha/ethylene moie ratio in the polymerization vessel was maintained at 0.02. • 
In the first-step polymerization vessel, the polymerization pressure was 0.8 MPa gauge 
25 (8 kg/cm*.G), the polymerization temperature was 7 5^0, the residence time was 1 00 minutes, and the 
linear Velocity of the circulating gas within the gas-phase polymerization vessel was maintained at 
30 cm/sec. The condensed liquid containing butane and 4-methyl-1 -pentene formed by the cooling of 
the circulating gas was partly fed in the liquid state into the polymerization vessel from the drum E to 
utilize it for removal of the heat of polymerization by rts latent heat of evaporation. 
30 From the first-step polymerization vessel, polyethylene having an Ml of 0.007 and a density of 

0.916g/cm3 vvas formed at a rate of 9.2 kg^r. The polyethylene was continuously discharged into 
liquid butane kept at a pressure of 0.35 MPa gauge (3.5 kg/cm^-G) and a temperature of SO'' C and 
suspended while feeding liquid butane so that the amount of polyethylene in the butane was 200 g/Iiter 
of butane. The polyethylene suspended in liquid butane in drum C was continuously fed in the 
3S suspended state to the second-step gas-phase polymerization vessel by means of pump H. 

In the second-step gas-phase polymerization, the partial pressure of Hj and the polymerization 
pressure were both higher than those in the first step. Specifically, the polymerization pressure was 
1.46 MPa gauge (14.6 kg/cm^-G), the polymerization temperature was 80^C, the residence time was 
50 minutes, and the linear velocity of the circulating gas in the gas-phase polymerization reactor was 
40 maintained at 20 cm/sec. Ethylene was fed at a rate of 8.8 kg/hr into the second-stage polymerization 
vessel, and 4-methy 1-1 -pentene was fed into it in such a proportion that the 4-methyl-1- 
pentene/ethylene mole ratio in the polymerization vessel was maintained at 0.14. was fed so that 
the H-/ethylene mole ratio in the polymerization vessel was maintained at 1 .1. Butane transferred from 
the re-slurry drum C to the second-step gas-phase polymerization vessel was wholly gasified by the 
4S heat of polymerization In the same was as in Example 1 , and was utilized so as to remove a part of the 
heat of polymerization. Butane and 4-methyl-1 -pentene discharged from the polymerization vessel 
together with the recycle gas, cooled at the heat exchanger I and recovered as a condensate at J were 
partly sent in the liquid state to the polymerization vessel where they were gasified for utilization in 
removing the heat of polymerization by its latent heat of evaporation. 
so From the second-step gas-phase polymerization vessel, low-density polyethylene having a very 

broad moiecular weight distribution, an Ml of 0.11, a density of 0.921 g/cm^ a bulk density of 
0.41 g/cm^ and a Mw/Mn of 24.5 was continuously obtained at a rate of 18.5 kg/hr. 



Claims 

55 

1 . A process for polymerizing olefins in the gaseous phase In a first gas-phase polynierlzation zone 
and a second gas-phase polymerization zone, which are provided independently from each other, In the 
presence of a catalyst composed of a transition metal catalyst component and an organometallic 
compound of a metal of Groups I to III of the periodic table while feeding the catalyst-containing 
60 polymer formed in the first zone to the second zone; characterised by: 

(i) providing in a feed passage for feeding the polymer from the first zone to the second zone a 
suspension zone for forming a suspension of the polymer from th first z ne in an easily volatile hydro- 
carbon medium which is liquid under the conditions of fe ding th polymer; and 

(ii) feeding the suspension of the polymer in said liquid medium formed in the suspension zone to 
55 the second zon . 
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2. A pro.cess according to claim 1 , wherein the multi-step gas-phase polymerization is carried out 

in the 'presence of hydrogen in the first and second zones, and the hydrogeri^otefin molar ratio in the 
second zone is maintained lower than that in the first zone. 

3. A process according to claim 1 or 2, wherein the easily-volatile hydrocarbon medium is a non- 
polymerizable hydrocarbon capable of being gasified in the second zone, an olefin, or a mixture of 
these. 

4. A process according to claim 3, wherein the non-polymerizable hydrocarbon is a non- 
polymerizable hydrocarbon having 3 to 5 carbon atoms. 

5. A process according to any one of the preceding claims, wherein the suspension of the polymer 
in the said liquid medium contains 1 0 to 1 ,000 g of the polymer per liter of said liquid medium. 

6. A process according to any one of the preceding claims, whrein the multi-step gas-phase poly- 
. merization is carried out at a temperature or from room temperature to ISO^C and a pressure of from 

(atmospheric pressure to 150kg/cm^-G) 0 to 15MPa gauge. 

7. A process according to any one of the preceding claims, wherein the suspension of the polymer 
in said liquid medium is formed at a temperature of O to 1 0O^C and a pressure of from (atmospheric 
pressure to 50 Icg/cm^-G) 0 to 5 MPa gauge. 

8. A process according to any one of the preceding claims, wherein the catalyst Is composed of a 
transition metal component consisting essentially of titanium, magnesium and an organoaluminum 
compound. 

9. A process according to any one of the preceding claims, wherein the multi-step gas-phase 
polymerization is carried out by using 0.0005 to 1 miilimoie as the transition metal of the transition 
metal catalyst component per liter of the flutdized bed in each gas-phase polymerization zone, and the 
amount of the organometaliic compound is such that the atomic ratio of the metal of the organo- 
metaliic compound to the transition metal Is 1 :1 to 2000:1 . 

* Revendications 

1. Proc6d^ de polymdrlsation d'oldfines en phase gazeuse dans une premldre zone de poly- 
merisation en phase gazeuse et une seconde zone de polymerisation en phase gazeuse, qui sont 
agencies !nd6pendamment Tune de I'autre, en presence d'un catalyseur constituS par un composant 
. catalyttque de mStal de transition et d'un composd organom6talllque d'un metal des groupes 1 d III de la 
Classification Periodique des Elements pendant qu'on transfdre le potymdre forme contenant le cataly- 
seur dans la premiere zone d la second zone; caracterise en ce qu'il conslste: 

(i) d etablir dans un passage d'alimentation pour transferer le poiymdre de la premidre zone d la 
seconde zone, une zone de suspension pour former une suspension du polymdre provenant de la 
premiere zone dans un milieu hydrocarbone facilement volatil qui est liquids dans les conditions de 
transfert du polymdre; et 

(ii) e envoyer la suspension du polymers dans ledit milieu liquide forme dans la zone de suspen- 
sion e la seconde zone. 

40 2. Procede selon la revendication 1 , selon lequel on effectue la polymerisation eri phase gazeuse d 

stades multiples en presence d'hydrogene dans les premiere et seconde zones, et on malntient le rap- 
port molaire hydrogene/oiefine dans la seconde zone d une valeur plus basse que dans la premiere 
zone. 

3. Procede selon les revendications 1 ou 2r dans lequel le milieu hydrocarbone facilement volatil 
4s est un hydrocarbure non polymerisable capable d'etre gazeifie dans la seconde zone, une oieflne ou un 

melange de ceux-ci. 

4. Procede selon la revendication 3, dans lequel Thydrocarbure non polymerisable est un hydro- 
carbure non polymerisable contenant de 3 d 5 atomes de carbone. 

5. Procede selon I'une quelconque des revendications precedentes, dans lequel la suspension du 
so polymers dans ledit nriilieu liquide contient de 1 0 e 1 000 g de polymers par litre dudit milieu liquide. 

6. Precede selon Tune quelconque des revendications precedentes selon lequel on effectue la 
polymerisation en phase gazeuse e stades multiples d une temperature comprise entre la temperature 
ambiante et 130''C et sous une pression manometrique comprise entre 0 et 15 MPa (pression atmos- 
pherique e 1 50 kg/cm* au manometre). 

ss 7. Precede selon I'une quelconque des revendications precedentes, selon lequel on forme la 

suspension du poiymdre dans ledit milieu liquide d une temperature de 0 d 1 0O^C et sous une pres- 
sion manometrique de 0 e 5 IVlPa (pression atmosph6rique e 50 kg/cm' au manomdtre). 

8. Procede selon Tune quelconque des revendications precedentes, selon lequel le catalyseur est 
constitue par un composant de metal de transition constitue essentlellement de titane, magnesium et 

eo un compose organo-aluminium. 

9. Precede selon I'une quelconque des revendications precedentes, selon lequel on effectue la 
polymerisation en phase gazeuse d stades multiples en utilisant 0,0005 e 1 mlUlmole exprime en metal 
de transition du composant catalytique de metal de transition par litre du lit fluidise dans cheque zone 
de polymerisation en phase gazeuse, et la quantite du compose organometallique est telle, que le rap- 

65 port atomique du metal du compose organometallique au metal de transition solt de 1:1 e 2000:1. 
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Paientanspruch 

1 Verfahren zur Polymerisation von Olefinen In der Gasphase In einer ersten Gasphase-Poly- 
merisationszone und einer zweiten Gasphase-Polymerisationszone, die unabhingig voneinander smd, 
5 In Gegenwart eines Katafysators aus einer Obergangsmetallkatalysatorkomponente und einer metall- 
organischen Verbindung eines Metalls der ersten bis dritten Gruppe des Penodensystems, wobei das 
Katalysator enthaltende Polymere aus der ersten Zone in die zwelte Zone eingespeist wird. dadurch 

gekennze^chnet^da^^ fQr<ias Polymere aus der eraten Zone in die zweite Zone eine Suspen- 

10 sionszone vorgesehen ist, in welcher das Polymere aus der ersten Zone in einem leicht fluchtigen 
Kohlenwasseretoffmedlum. welches unter den Einspeisebedingungen des Polymeren flussig ist, 

suspendiert wjd^u^^^^ der Polymeren in dem flussigen Medium aus der Suspensionszone in die zweite 

,5 iTv^Mnenmc^ Anspruch 1 , wobei die mehrstufige Gasphase-Polymerisation in Gegenwart von 
Wasseistoff In der ersten und zweiten Zone durchgefulirt wird une in der zweiten Zone das Molveriialt- 

nls Wasserstoff/Olefin niederer gehalten wird als in der ersten Zone. . 

3. Verfahren nach Anspruch 1 Oder 2, worin das leicht flQchtige Kohlenwasserstoffmedium em 
nicht polymerisierbarer Kohlenwasserstoff 1st, der sich In der zweiten Zone verflQchtigt ein Olefin Oder 

20 ^^^^"^^^^^^ ^ggj, Anspruch 3, worin der nicht polymerisierbare Kohlenwasserstoff ein nicht poly- 
merisierbarer Kohlenwasserstoff mit 3 bis 5 Kohlenstoffatomen ist. . ^ « i 

5. Verfahren nach einem der vorhergehenden Anspruche, wonn die Suspension des Polymeren m 
dem flQssigen IVIedlum 10 bis lOOOg Polymer/1 flQssiges Medium enthalt. ^ ^ . , 

2S 6. Verfahren nach einem der vorhergehenden Anspruche, worin die meiirstufige Gasphase-Poiy- 

merisation bei einer Temperatur von Raumtemperatur bis 130°C und einem Uberdruck von 0 bis 150 

bar durchgefuhrt wird. ^ . _, « • 

7 Verfahren nach einem der vorhergehenden Anspruche, wonn die Suspension des Polymeren in 
dem flQssigen Medium bei einer Temperatur zwischen 0 und 100°C und bei einem Druck zwischen 

30. AtmosphSrendruck und 50 bar gebildet wird. . ^ i, ^ , x mk,*^ 

8 Verfahren nach einem der voriiergehenden Anspruche, worin der Katalysator aus einer Uber- 
gangsmetallkomponente aufgebaut ist, die im wesentlichen aus Titan, Magnesium und einer Organo- 

aluminiumverfoindung besteht. , ^ r- u d«i . 

9 Verfahren nach einem der vorhergehenden Anspruche, wonn die niehrstufige Gasphase-Poly- 
35 merisatlon durchgefuhrt wird unter Anwendung von 0.0005 bis 1 mmol Ubergangsmetall der Uber- 

gangsmetallkatalysatoricomponente je Uter \A/iriDelschicht in Jeder Gasphase-Polymensationszone und 
der Anteil an metallorgamscher Verbindung derart ist, daS das Atomverhaltnis Metall der metallorgani- 
schen Verbindung zum Obergangsmatenal 1:1 bis 2000:1 betragt. 
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